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(54) FLIP-FLOP CIRCUIT 

(57)Abstract: 

PURPOSE: To attain a high speed operation by 
decreasing a current of a data latch differential logic 
circuit than a current of a data read differential logic 
circuit so as to reduce a logical level. 
CONSTITUTION: Master and slave read differential 
pairs (comprising transistors(TRs) X1 and X2, X3 and 
X4) form respectively differential pairs with TRs X5, X6 
in cascade connection and a TR X7 uses a current path 
in common. On the other hand, latch differential pairs 
use differential pairs with TRs XLS, XL6 in cascade 
connection and the TR X7 uses a current path in 
common. The size of TRs XLn (n=1-1 1) being 
components of the latch differential pairs is selected 
smaller than the size of TRs Xn (n=1-7) being 
components of the read differential pairs such that for 
example, the operating current of the latch differential 
pairs is reduced to nearly a half of the operating current 
of the read differential amplifier pairs. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the flip-flop circuit suitable for the high-speed 
operation which has respectively a differential logical circuit for data read-out, and a differential logical 
circuit for data-hold in a master side and a slave side, and starts the flip-flop circuit of the master slave 
mold which updates a data input logical value synchronizing with a clock signal input, especially 
operates to the clock signal input more than a fixed repeat frequency. 
[0002] 

[Description of the Prior Art] The flip-flop circuit which updates a data input logical value 
synchronizing with a clock signal input is used in all semiconductor integrated circuits as an 
indispensable element circuit, when a logical circuit is constituted. Generally for the application which 
needs especially high-speed operation, logical circuits, such as an emitter coupled logic circuit (ECL) 
and a source joint FET logical circuit (SCFL), are used. 

[0003] The typical conventional circuitry devised as a flip-flop by such differential mold logical circuit 
is shown in drawi ng 3 - drawing 5 . Rn (n=l-4) in this dr awing 3 - drawing 5 Load resistance, XTn 
(n=l-17, 20-24), Xn (n=l-7), XLn (n=l-7), and XSn (n=l-8) A NchMOSFET transistor, The diode for 
level shifts and DT XDn (n=l-4) An input data signal (normal rotation), DC a clock signal (normal 
rotation) and CC for an input data signal (reversal) and CT A clock signal (reversal), High potential 
supply voltage and VSS of the bias voltage to which an output signal (normal rotation) and QIC set an 
output signal (reversal), and, as for VCS, Q1T set the current of the transistor for current sources, and 
VDD are low voltage supply voltage. 

[0004] First, drawing 3 is the so-called general-purpose master slave mold flip-flop circuit. The flip-flop 
(XT12-XT24) of the next step used as the flip-flop (XT1-XT1 1) of the first rank used as a master and a 
slave operates reciprocally according to clock signals CT and CC, and actuation of the 
maintenance/renewal of data signals DT and DC is realized. 

[0005] this circuit - a master side and a slave side ~ respectively - alike - setting - the differential pair 
for data read-out (the differential pair of XT1 and XT2 --) the differential pair of XT12 and XT13, and 
the differential pair for data-hold (the differential pair of XT4 and XT5 ~) The differential pair of XT15 
and XT 16 has composition by which a current change is carried out with transistors XT7 and XT20 
through the transistors XT3, XT6, XT14, and XT17 of the lower berth for the input of clock signals CT 
and CC. Therefore, the amount of currents in each active state of the differential pair for data read-out 
and the differential pair for data-hold cannot but become equal mutually. 

[0006] on the other hand, in the flip-flop circuit shown in drawing 4 The differential pair for data read- 
out (the differential pair of XI and X2, differential pair of X3 and X4), Each of the differential pair for 
data-hold (the differential pair of XL1 and XL2, differential pair of XL3 and XL4) minds the transistors 
X5, X6, XLS, and XL6 for clock signal CT and CC input. With transistors X7 and XL7 It has the 
composition of performing a current change between a master side and a slave side. 
[0007] Since this can adjust the amount of currents in each active state of the differential pair for data 



read-out, and the differential pair for data-hold according to an individual, improvement in a working 
speed is realizable by extracting the amount of currents of the differential pair for data-hold to necessary 
minimum. In this drawing 4 , the transistor XLn (n=l-7) which constitutes the differential logical circuit 
for data-hold is used as the small size transistor with the small amount of currents. 
[0008] However, in the flip-flop circuit shown in this drawing 4 , with reduction of the amount of 
currents of the differential pair for data-hold, a data maintain period contracts and it becomes the so- 
called dynamic operation which does not operate below with a fixed clock frequency. 
[0009] The typical circuitry on condition of this dynamic operation is the flip-flop circuit of the clocked 
inverter mold shown in drawing 5 . This circuit is carrying out two-step cascade connection of the 
differential mold inverter circuit with clock control, is performing clocked into of both inverters 
complementary, and can realize actuation equivalent to a flip-flop. Exactly, it has the composition of 
having removed the differential pair for data-hold of the master side of the master slave mold flip-flop 
circuit of drawing 3 , and a slave side. 

[0010] In the flip-flop circuit shown in this drawing 5 , although it is restrained by loop-formation time 
delay extent of a data signal and becomes the so-called dynamic operation, since the parasitic 
capacitance of the transistor added to the output node of load resistance Rn (n=l-4) is reduced by half 
compared with the flip-flop circuit of drawin g 3 , that part and high-speed operation are possible for a 
data maintain period, and let it be circuitry which was most suitable for high-speed operation in various 
kinds of circuitry. 
[0011] 

[Problem(s) to be Solved by the Invention] However, there is no other circuitry which realizes further 
improvement in the speed, and it remained for designing bias conditions and signal amplitude of a 
transistor from which the switching rate of a transistor serves as the fastest in the circuit of drawi ng 5 . 
in order to improve a working speed - logic low (low voltage)/- yes (high potential), shortening of the 
wave transition time between level is indispensable, and, for that purpose, the signal logic amplitude 
needs the improvement in a signal slew rate (variation of the voltage level per unit time amount), or to 
be decreased. 

[0012] However, conventionally, if a signal slew rate has the gate width of a transistor, and correlation 
in the limitation on condition of circuitry, the transistor size from which a slew rate serves as the highest 
by trade-off of parasitic capacitance and driving force, therefore signal amplitude exist and signal 
amplitude decreases from it, degradation of a slew rate will be caused and the wave transition time will 
increase conversely. Therefore, while the comb also maintained the improvement for the signal slew 
rate, it was not able to be said that further reduction-ization of the logic amplitude was attained. 
[0013] As mentioned above, it was difficult to reduce the logic amplitude, having set to the conventional 
flip-flop circuit, and improving or maintaining a signal slew rate indispensable to the further 
improvement in a working speed. 

[0014] The purpose of this invention is offering the flip-flop circuit whose high-speed operation's made 
reduce the logic amplitude, without solving the above-mentioned problem and degrading a signal slew 
rate, had, and became more possible. 
[0015] 

[Means for Solving the Problem] The purpose of above-mentioned this invention has respectively a 
differential logical circuit for data read-out, and a differential logical circuit for data-hold in a master 
side and a slave side. In the flip-flop of the master slave mold which updates a data input logical value 
synchronizing with a clock signal input, while separating mutually the current path of the above- 
mentioned differential logical circuit for data read-out, and the above-mentioned differential logical 
circuit for data-hold The amount of currents of the above-mentioned differential logical circuit for data- 
hold is set up smaller than that of the above-mentioned differential logical circuit for data read-out. And 
it is attained by the flip-flop circuit characterized by carrying out cascade connection of the negative 
feedback pair of source association or emitter junction to the differential pair of the above-mentioned 
differential logical circuit for data-hold. 
[0016] 



[Function] While separating mutually the current path of the differential logical circuit for data read-out, 
and the differential logical circuit for data-hold, the logic amplitude at the time of read-out actuation and 
maintenance actuation is made to produce a gap in this invention by setting up smaller than that of the 
differential logical circuit for data read-out the amount of currents of the differential logical circuit for 
data-hold. 

[0017] And by carrying out cascade connection of the negative feedback pair of source association or 
emitter junction to the differential pair of the differential logical circuit for data-hold, with initiation of 
maintenance actuation, according to a data input, although it begins to shift high-level, a logic low level 
or making logic middle level attract both drain potential steeply and compulsorily are performed for the 
drain potential of the differential pair for maintenance to this and coincidence by the negative feedback 
operation of a negative feedback pair of source association or emitter junction. 
[0018] By this, with the flip-flop of a slave side, a logic low level with the effectual logic middle level 
of the differential logical circuit for read-out and the middle level of the differential logical circuit for 
maintenance turn into effectual logic high level, and actuation can be realized at the amplitude smaller 
than the original logic amplitude. 

[0019] In addition, since the reduction effectiveness of this logic amplitude is acquired according to the 
negative feedback operation of a negative feedback pair of source association or emitter junction, 
without reducing current driving force, it does not produce degradation of a signal slew rate. Therefore, 
since the logic amplitude can be reduced more than before, without degrading a signal slew rate, more 
nearly high-speed actuation is attained. 
[0020] 

[Example] Drawing 1 is the circuit diagram of the flip-flop circuit of one example of this invention. 
Here, circuitry with a NchMOSFET transistor is shown. The differential logical circuit for read-out of a 
master side consists of transistors XI, X2, X5, and X7, and the differential logical circuit for read-out of 
a slave side consists of respectively X3, X4, X6, and X7. The current source transistor X7 is common. 
[0021] Although transistors XL1, XL2, XL5, and XL7 constitute the original differential logical circuit 
for maintenance of a master side, cascode (concatenation) connection of the source joint negative 
feedback pair with transistors XL8 and XL9 is made between the source terminal of transistors XL1 and 
XL2, and the drain terminal of a transistor XLS, and the differential logical circuit for maintenance is 
constituted by these. XD5 and XD6 are the diodes for level shifts. 

[0022] Similarly, although transistors XL3, XL4, XL6, and XL7 constitute the original differential 
logical circuit for maintenance of a slave side, cascode connection of the source joint negative feedback 
pair with transistors XL 10 and XL1 1 is made between the source terminal of transistors XL3 and XL4, 
and the drain terminal of a transistor XL6, and the differential logical circuit for maintenance is 
constituted by these. XD7 and XD8 are the diodes for level shifts. And the current source transistor XL7 
is common to a master side and a slave side. 

[0023] As mentioned above, the point which made cascode connection of the source joint negative 
feedback pair (XL8, XL9, XL 10, XL1 1), and the point of having formed diodes XD5, XD6, XD7, and 
XD8 are differences with the circuit shown in conventional drawing 4 . 

[0024] Here, the differential pair (differential pair of XL1, XL2, XL8, and XL9) containing a source 
joint feedback pair is anew made to call the differential pair for maintenance of a master side, and a call 
and (the differential pair of XL3, XL4, XL 10, and XL1 1) the differential pair for maintenance of a slave 
side. 

[0025] Now, the differential pair for read-out of a master side and a slave side (XI, and X2, X3 and X4) 
formed the differential pair in concatenation with transistors X5 and X6, and has communalized the 
current path with the transistor X7. On the other hand, the differential pair for maintenance of a master 
side and a slave side described above independently of the differential pair for these read-out of these 
constituted the differential pair in concatenation with transistors XLS and XL6, and has communalized 
the current path with the transistor XL7. 

[0026] Here, the size of the transistor XLn (n=l-l 1) which constitutes the differential pair for 
maintenance is reduced about [ of the amount of operating currents of a read-out side differential pair ] 



to 1/2 smaller than that of the transistor Xn (n=l-7) which constitutes the differential pair for read-out. 
The source follower transistors XS1, XS2, XS5, and XS6 are installed in the output of the differential 
pair for master side maintenance, and the output of the differential pair for slave side maintenance 
conventionally like a configuration ( drawin g 4 ). 

[0027] Next, the principle of operation of the flip-flop circuit of drawing 1 is explained using the timing 
diagram shown in drawing 2 . This drawing 2 shows the wave of operation in a clock frequency lower 
than a normal actuation region so that circuit actuation can understand easily. 

[0028] If the input-clock signal CT changes from a low to a high, with a transistor X5, the differential 
pair for read-out of a master side (XI and X2) will become active, and the drain output potentials VI 
and V2 of a master side will change to high level or a low level complementary according to input data 
DTandDC. 

[0029] next, clock signal CT yes ~ since a low - changing (the input-clock signal CC from a low 
- yes, it being alike and changing) - with a transistor XLS Although the differential pair for 
maintenance of a master side (XL1, XL2, XL8, XL9) becomes active and the drain output potentials VI 
and V2 strengthen the inclination to hold the potential according to a positive feedback operation of the 
transistors XL1 and XL2 controlled through transistors XS1 and XS2 It is drawn in by the logic central 
level of both the differential pair for maintenance according to a negative feedback operation of a source 
joint negative feedback pair (XL8, XL9). 

[0030] As mentioned above, since it is smaller than the amount of operating currents of the differential 
pair for read-out, the amount of operating currents of the differential pair for maintenance should notice 
the logic central level of the differential pair for maintenance about having high potential from it of the 
differential pair for read-out. 

[003 1] And with the continuing clock period, if the input data signal DT is reversed and clock signal CT 
changes from a low to a high, with the last read-out period, it will change to high level or a low level 
with reversed polarity. 

[0032] in the drain output terminal (VI, V2) of a master side flip-flop, the input data signal DT was 
embraced in this way - reading - business - transition with a logic low / high level, and the logic 
central level for maintenance is repeated. 

[0033] On the other hand, when the differential pair for read-out of a slave side flip-flop (X3, X4) is 
active, the differential pair for maintenance of a master side flip-flop (XL1, XL2, XL8, XL9) is active. 
Therefore, both the drain output potentials V3 and V4 of a slave side flip-flop are attracted by the logic 
central level of the differential pair for read-out (X3, X4) at this time. 

[0034] on the other hand - time the differential pair for maintenance of a slave side flip-flop (XL3, 
XL4, XL 10, XL1 1) is active ~ a source joint feedback pair - both the drain output potentials V3 and V4 
are attracted by the logic central level of the differential pair for maintenance (XL3, XL4, XL 10, XL1 1) 
according to an operation of XL 10 and XL1 1 . 

[0035] Therefore, the drain output potentials V3 and V4 of a slave side flip-flop repeat transition with 
the logic central level of the differential pair for read-out (X3, X4), and the logic central level of the 
differential pair for maintenance (XL3, XL4, XL 10, XL1 1). 

[0036] The potential difference of the logic central level of the differential pair for read-out of this slave 
side flip-flop and the logic central level of the differential pair for maintenance can serve as effectual 
logic amplitude of this flip-flop, and can make that logic amplitude small compared with the original 
logic amplitude in a configuration ( drawing 4 ) conventionally which does not use a source joint 
feedback pair. 

[0037] In the transition region of the logic central level of the differential pair for read-out of this slave 
side flip-flop, and the logic central level of the differential pair for maintenance, some gap arises for the 
following reasons to transition timing among the drain output potentials V3 and V4. 
[0038] That is, since the differential pair for maintenance of a master side flip-flop also tends to be 
active exactly when the differential pair for read-out of a slave side flip-flop tends to become active, the 
logic low / high-level information on the differential pair for read-out decided by the data input still 
remain in the drain output potentials VI and V2 of a master side flip-flop (the arrow head A showed to 



drawing 2 .). 

[0039] Therefore, when the differential pair for read-out of a slave side flip-flop begins to become 
active, the drain output potentials V3 and V4 start transition to a logic low / high level respectively, 
then, the maintenance side differential pair of a master side flip-flop is perfect - it shifts actively - it is 
alike, it takes and both the drain output potentials V3 and V4 are rapidly attracted by the logic central 
level of the differential pair for read-out. 

[0040] Consequently, in the drain output potentials V3 and V4, data input information appears at the 
transition period of operation from the differential pair for maintenance to the differential pair for slave 
side read-out of a master side flip-flop. 

[0041] The transition rate of the drain output voltage V3 in this transition period of operation is decided 
with the rate which discharges the charge storage in a DOIREN terminal, therefore the current driving 
force of the differential pair for read-out, and the transition rate of the drain output potential V4 is 
decided at the rate of the negative feedback operation by the source joint negative feedback pair. Since 
the effectual logic amplitude can be reduced without dropping current driving force, high-speed 
operation becomes possible. 

[0042] The same phenomenon as it arises, also when the differential pair for maintenance of a slave side 
flip-flop tends to become active. That is, since the differential pair for read-out of a master side flip-flop 
also tends to be active exactly when the differential pair for maintenance of a slave side flip-flop tends to 
become active, in the drain output potentials VI and V2 of a master side flip-flop, the logic low / high- 
level information on the differential pair for read-out decided by the data input begin (an arrow head B 
shows to drawing 2 .) to appear. 

[0043] Therefore, when the differential pair for maintenance of a slave side flip-flop begins to become 
active, the drain output potentials V3 and V4 start transition to a logic low / high level respectively, 
then, the maintenance side differential pair of a slave side flip-flop is perfect - it shifts actively - it is 
alike, it takes and both the drain output potentials V3 and V4 are rapidly attracted by the logic central 
level of the differential pair for maintenance. 

[0044] Consequently, in the drain output potentials V3 and V4, data input information appears also at 
the transition period of operation from the differential pair for read-out to the differential pair for 
maintenance of a slave side flip-flop. 

[0045] The transition rate of the drain output potential V3 in this transition period of operation is 
decided at the rate of the negative feedback operation by the source joint negative feedback pair, and the 
transition rate of the drain output potential V4 is decided with the rate which discharges the charge 
storage in a drain terminal, therefore the current driving force of the differential pair for read-out. Since 
the effectual logic amplitude can be reduced without dropping current driving force, high-speed 
operation becomes possible. 

[0046] In the above explanation, since it was the case that a clock frequency was sufficiently low, logic 
central level has arisen in the drain output potentials V3 and V4. Narrowing, before shifting to logic 
central level, by the time the next transition actuation arises soon, between logic central level will 
become, as a clock frequency improves. It is the normal active region of the book flip-flop circuit from 
here. Then, the becoming clock frequency it becomes impossible that is followed at the transition rate of 
drain output potential serves as an upper limit of a normal active region, and the normal actuation of it is 
attained in the clock frequency field between the both. 

[0047] When the transistor of identity ability is used, compared with the clocked inverter mold dynamic 
flip flop circuit ( drawing 5 ) of the conventional configuration, 25% - about 30% of improvement in the 
speed can be realized. 

[0048] In addition, although the above-mentioned example explained using the circuitry by the field 
effect transistor (FET), even if it uses a bipolar transistor, of course, the same effectiveness is acquired. 
At this time, a source joint negative feedback pair turns into an emitter junction negative feedback pair. 
[0049] 

[Effect of the Invention] Without degrading a signal slew rate according to this invention so that clearly 
from the above explanation, the logic amplitude can be reduced more than before and the flip-flop 



circuit in which high-speed operation is more possible can be realized. 



[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] The flip-flop circuit which updates a data input logical value 
synchronizing with a clock signal input is used in all semiconductor integrated circuits as an 
indispensable element circuit, when a logical circuit is constituted. Generally for the application which 
needs especially high-speed operation, logical circuits, such as an emitter coupled logic circuit (ECL) 
and a source joint FET logical circuit (SCFL), are used. 

[0003] The typical conventional circuitry devised as a flip-flop by such differential mold logical circuit 
is shown in dr awing 3 - drawing 5 . Rn (n=l-4) in this drawing 3 - drawin g 5 Load resistance, XTn 
(n=l-17, 20-24), Xn (n=l-7), XLn (n=l-7), and XSn (n=l-8) A NchMOSFET transistor, The diode for 
level shifts and DT XDn (n=l-4) An input data signal (normal rotation), DC a clock signal (normal 
rotation) and CC for an input data signal (reversal) and CT A clock signal (reversal), High potential 
supply voltage and VSS of the bias voltage to which an output signal (normal rotation) and QIC set an 
output signal (reversal), and, as for VCS, Q IT set the current of the transistor for current sources, and 
VDD are low voltage supply voltage. 

[0004] First, drawing 3 is the so-called general-purpose master slave mold flip-flop circuit. The flip-flop 
(XT12-XT24) of the next step used as the flip-flop (XT1-XT1 1) of the first rank used as a master and a 
slave operates reciprocally according to clock signals CT and CC, and actuation of the 
maintenance/renewal of data signals DT and DC is realized. 

[0005] this circuit - a master side and a slave side - respectively - alike - setting - the differential pair 
for data read-out (the differential pair of XT1 and XT2 -) the differential pair of XT12 and XT13, and 
the differential pair for data-hold (the differential pair of XT4 and XT5 --) The differential pair of XT 15 
and XT16 has composition by which a current change is carried out with transistors XT7 and XT20 
through the transistors XT3, XT6, XT14, and XT17 of the lower berth for the input of clock signals CT 
and CC. Therefore, the amount of currents in each active state of the differential pair for data read-out 
and the differential pair for data-hold cannot but become equal mutually. 

[0006] on the other hand, in the flip-flop circuit shown in drawing 4 The differential pair for data read- 
out (the differential pair of XI and X2, differential pair of X3 and X4), Each of the differential pair for 
data-hold (the differential pair of XL1 and XL2, differential pair of XL 3 and XL4) minds the transistors 
X5, X6, XLS, and XL6 for clock signal CT and CC input. With transistors X7 and XL7 It has the 
composition of performing a current change between a master side and a slave side. 
[0007] Since this can adjust the amount of currents in each active state of the differential pair for data 
read-out, and the differential pair for data-hold according to an individual, improvement in a working 
speed is realizable by extracting the amount of currents of the differential pair for data-hold to necessary 
minimum. In this drawing 4 , the transistor XLn (n=l-7) which constitutes the differential logical circuit 
for data-hold is used as the small size transistor with the small amount of currents. 
[0008] However, in the flip-flop circuit shown in this drawing 4 , with reduction of the amount of 
currents of the differential pair for data-hold, a data maintain period contracts and it becomes the so- 
called dynamic operation which does not operate below with a fixed clock frequency. 
[0009] The typical circuitry on condition of this dynamic operation is the flip-flop circuit of the clocked 
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inverter mold shown in drawing 5 . This circuit is carrying out two-step cascade connection of the 
differential mold inverter circuit with clock control, is performing clocked into of both inverters 
complementary, and can realize actuation equivalent to a flip-flop. Exactly, it has the composition of 
having removed the differential pair for data-hold of the master side of the master slave mold flip-flop 
circuit of drawing 3 , and a slave side. 

[0010] In the flip-flop circuit shown in this dr aw ing 5 , although it is restrained by loop-formation time 
delay extent of a data signal and becomes the so-called dynamic operation, since the parasitic 
capacitance of the transistor added to the output node of load resistance Rn (n=l-4) is reduced by half 
compared with the flip-flop circuit of drawing 3 , that part and high-speed operation are possible for a 
data maintain period, and let it be circuitry which was most suitable for high-speed operation in various 
kinds of circuitry. 
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